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FOR_-_0RD

The data contained in this handbook revise and

update the original data issued in Rocketdyne

Report No. R-3462. The data were developed under

the direction of L. R. Williams, J. D. Young,

E. H. Schmidt, and E. F. Green of the Materials

and Processes Department. Data determinations

were made by E. Kildow.

ABSTRACT

Thermal expansion data are presented for Aerospace

materials commonly used in liquid propellant rocket

engines. These data cover a range of temperature

from -_23 F to 2000 F (or lower if limited by melting

point). Host of the data were determined at

Rocketdyne.
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INTRODUCTION

The purpose of this handbook is to document thermal expansion vs temperature

curves for liquid propellant rocket engine materials from -_23 F to +2000 F.

Due to the nonlinear relationship between thermal expansion and temperature

for most materials, the use of thermal expansion coefficients is not suffi-

ciently accurate to predict the expansion of critical parts subjected to

large temperature changes. The curves presented in this handbook are

intended to overcome the basic inaccuracy associated with using coefficients

by allowing the engineer to determine the total thermal length change at

specific temperatures with reference to any other temperature.

The materials reported in this handbook are either used in liquid propellant

rocket engines or are under study for use therein. In the case of materials

that are used at cryogenic temperatures, the curves extend from 70 F to

-_23 F, and those materials used in high temperature applications extend

from 70 F or either 2000 F or their maximum use temperature, whichever

occurs first.

Elevated temperature data curves were extended down to cryogenic tempera-

tures where the data was available. The cryogenic portion is not of

sufficient accuracy for detailed cryogenic comparisons; hence the user

should refer to the cryogenic data curve which is plotted only over a

range of 70 F to -320 F or -_23 F. All curves presented in this handbook

are plotted as total thermal length change from 70 F to a specific

temperature vs temperatures in degrees Fahrenheit.



MATERIALS AND SPECIMENS

TEST PROCEDURES

The materials tested in this program are in the condition normally used in.

service (typically annealed, age hardened, solution treated, precipitation

hardened, as cast, or as wrought). The individual charts record the speci-

men condition. All materials were prepared in accordance with Rocketdyne

Materials and Processes Specifications or equivalent (government or ASTM).

The specimen used in this program is shown in detail in Fig. 1. The parti-

cular specimen geometry and finish were selected to comply with the Leitz

dilatometers used in this investigation.

LEITZ DILAT 0METER

Bot_ the elevated temperature and cryogenic testing were performed on Leitz

dilatometers. The Leitz dilatometer employs an electro-optical transducing

system to measure the thermal expansion vs temperature response of the

specimens. Figure 2 is a diagram of the dilatometer transducing And readout

system. The specimen "A" is subjected to a uniform rate temperature change

as measured by the thermocouple "B." This temperature change "T" results

in a length change "L" in the specimen. A light source "D" is focused by

a lens system "E" through a prism "C" onto a mirror "F" on a gold wire

galvanometer. The light beam "I" is subsequently reflected from the mirror

to a readout screen "J." Any length change in the specimen is transmitted

through the linkage to the prism, which pivots, thus causing the light beam

to strike the mirror in a different spot. The thermocouple output is coupled

to the galvanometer in such a way that any EMF generated in the thermocouple

causes a rotation of the mirror. The resultant rotati_ of the mirror and

prism cause the light beam to move in a solid arc with the desired tempera-

ture expansion response.

2
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Figure 1. Dilatometer Specimen
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The dilatometer is calibrated by substituting a precision micrometer for

the specimen, and an output potentiometer for the thermocouple. Thus,

calibrated length changes and EMF signals can be put into the system.

ELEVATED TEMPERATUP_ TESTS

All elevated temperature tests were performed in a standard Leitz temperature

chamber (Fig. 3). The chamber was so constructed that the vacuum or inert

atmosphere could be maintained on the specimen. The furnace had a range to

2000 F. A special water-cooled mounting flange was provided to thermally

isolate the furnace from the dilatometer.

To provide an efficient inert atmosphere at elevated temperatures, the

chamber was subjected to a series of evacuations and argon purges prior to

each test. In this way, any residual air left by one evacuation of the

chamber was diluted with argon which removed this air during subsequent

evacuaLions by an entrainment process.

All tests were performed at a heating rate of 7.5 F per minute. This rate

was selected as being intermediate between an infinitely slow equilibrium

process and a thermal shock environment. It should be noted here that there

is a definite rate dependence for thermal expansion. In some high rate

(thermal shock) situations, due to a low specific heat in some metals or

ceramics, there will be a marked lag in thermal expansion, some of which

will not be realized at the final temperature, because of the non-equilibrium

heating rate.

CRYOGI_IC TEMPERATURE TESTS

A special cryostat was constructed for the dilatometer to facilitate opera-

tion from room temperature to liquid hydrogen temperature. The cryostat

was constructed to allow cooling of the sample at a uniform temperature rate

from 70 F to -423 F. Figure _ is a diagram of the cryostat. Figure 5 shows

a photograph of the equipment.
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The basic operation of the cryostat involves the controlled rate cooliv_

of helium gas by a liquid hydrogen heat exchanger. The helium gas is

introduced into the specimen chamber to cool the specimen. Since helium

condenses at a lower temperature than the boiling point of liquid hydrogen,

it will remain gaseous to -_23 F and below.

A Research Inc. "Thermac A" temperature control system was used to maintain

a uniform cooling rate by controlling the flow of liquid hydrogen to the

heat exchanger. A constant flow of gaseous helium was maintained through

the heat exchanger into the specimen chamber. A Skyvalve Corp. solenoid

valve was used to meter the liquid hydrogen to the heat exchanger, the sole-

noid valve being controlled by the Thermac t'A." A 70 F to -_23 F range card

was installed on the Thermac "A" and the Data-Trak programmer was programmed

to maintain a 3-1/3 F per minute cooling rate by controlling the open and

closed time af the LH 2 solenoid valve.

The helium gas flowing over the specimen satisfactorily cooled the specimen

at the desired rate because of the small mass and the high specific heat

of the gas.

ANALYSIS OF RESULTS

By introducing calibrated deflections into the dilatometer with a micrometer,

and measuring the corresponding deflection of the light beam on the readout

screen, a magnifying factor for the measurement system can be established, or

MF = _L rs
ALto where Lm = deflection/micrometer

Lrs = deflection/readout screen

To obtain the thermal strain _T' the deflection on the readout screen must

be divided by the specimen length L, and the magnifying factor, or

E _L rs
T - L _) = thermal strain



DISCUSSION

A literature search was made %o compare published data with Rocketdyne

data. Whenever small discrepancies were observed, it was felt that the

Rocketdyne data was more reliable for the following reasons: Rocketdyne

materials control and specimen preparation were generally more closely

controlled than those in the literature. All Rocketdyne data was the

result of two independent runs, on different specimens. An accurate cal-

ibration was maintained on the Leitz dilatometers used. If Rocketdyne

data varied by a reasonable amount from published data (typically this

occurred on only two curves, and %o an extent of the order of 5 percent),

the test was rerun. The accuracy of the dilatometric data is ±3 percent

due to variations in equipment and charting of all data.

In all testing, two definite anomalies were observed. Both of these were

at cryogenic temperatures below -300 F. One case concerned an ordering

of magnetic domains by thermal strain in magnetic alloys, and the other

concerns a strain induced martensitic reaction in stainless steels. The

results on these tests were presented in the most reasonable analysis

possible that would maintain a justifiable usefulness of these curves to

the designer.

The list of charts, graphically illustrating the total thermal expansion

data at elevated temperatures (Section I) and at cryogenic temperatures

Section II), is presented as groups of material type.

A comparison of metals - %o%al thermal length change in decreasing numerical

order, 70 F to temperature, in./in, x 10-5 is presented in Table I. A

comparison of metals - total thermal length change grouped by material

types, 70 F to temperature, in./in, x 10-5 is presented in Table 2.

In general, this handbook provides a comprehensive documentation of thermal

expansion data for rocket engine materials accurately obtained and presented

in a useful manner.

i0



LIST OF CHARTS

lo

.

4.

.

.

Material Type

Low Melting

Point

Aluminum

Titanium

Copper and
Copper Base
Alloys

Iron and Low
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SECTION I

THERMAL EXPANSION PROPERTIES

OF AEROSPACE HATERIAI_

AT ELEVATED TEHPEPATURES



A DIVISION OF" NORTH AMERICAN AVIATION. INC_

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE TRANSACTIONS A.S.M

CHART NO.. I.I-50

THERMAL EXPANSION MATERIAL ANTIMONY
FORM CASTING

PROPERTIES CONDITION AS CAST

AT SPECIFICATION -

ELEVATED TEMPERATURES DATE JUNE 1965

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

16OO 2O00
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_O C w_" E 'lr X_Slh_ l_ E • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE R- 3462

APPROVED
REFERENCE NORTHROP DATA

CHART NO. 2- 2'50

THERMAL EXPANSION MATERIAL 356 ALUMINUM
FORM CASTING

PROPERTIES CONDITION T6
AT SPECi FICATION RBO 170- 006 ! 7,91 tO

ELEVATED TEMPERATURES DATE JUNE 1965

0 400 800 IZOO

TEMPERATURE F (20 F/OIVISlON)

16oo zOO0

356 ALUMINUM



ilW'OCiI_ IECT DVN == r •
A D_VISION OF" NORTH AMERICAN AVIATION. |NC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKET DYNE

APPROVED,
REFERENCE R- 3462

CHART NO 2.4.50

THERMAL EXPANSION MATERIAL 2020 ALUMINUM
FORM BAR

PROPERTIES CONDITION T6

AT SPECIFICATION -

ELEVATED TEMPERATURES DATE JUNE 1965

4Cu-BALANCE AI

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

2020 ALUMINUM



A DIVISION OF NORTH AMERICAN AVIATION, INC_

ISSUED BYMATERIALS

AND PROCESSES DEP_
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-346Z

NOTES:

0.026

¢_ 0.024

i 0.020

d 0.018

0.016

" 0.014

0.012

0.010

0.006

u.

laJ

0.004
-t-

0.002

CHART NO. 2.5.50

THERMAL EXPANSION MATERIAL 2024 ALUMINUM
FORM BAR

PROPERTIES CONDITION T 4
AT SPECIFICATION O0-A- 268

ELEVATED TEMPERATURES DATE o JUNE 1965

-4OO 0 400 8O0 12O0

TEMPERATURE F (20 F/DIVISl0N)

i

1600 2000

2024 ALUMINUM



liOCK ET I)¥N a:_ •
A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 5462

CHART NO. 2.6 • SO

THERMAL EXPANSION MATERIAL 26t8 ALUMINUM
FORM BAR

PROPERTIES CONDiTiON T 6
AT SPECiFICATiON NA2- 7158

ELEVATED TEMPERATURES DATE JUNE J965

-400 0 4O0 8O0 1200

TEMPERATURE F (20 F/DIVISION)

i

1600 20O0

2618 ALUMINUM



mOCK_TDYNE • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R - 3462

CHART NO. 2.7- 50

THERMAL EXPANSION MATERIAL 6061 ALUMINUM
FORM WROUGHT

PROPE RTI ES CONDITION T 4

AT SPECIRCATION AMS 4146

ELEVATED TEMPERATURES DATE JUNE 1965

0

TEMPERATURE F (20 F/DIVISION)

1600 20O0

6061 ALUMINUM



_OCJ_tl_Tnqlllf']t_d_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-5462

CHART NO. 2- 8- 50

THERMAL EXPANSION MATERIAL 6066 ALUMINUM
FORM BAR

PROPERTIES CONDITION T 6
AT SPECIFICATI ON M IL - A - 2 5493

ELEVATED TEMPERATURES DATE JULY 1965

NOTES:

0.026,

-400 0 4O0 800 IZ00

TEMPERATURE F (20 F/DIVISION)

1600 2000

6066 ALUMINUM



nOCilK _'lr x)qv'N IB •
A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS
AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED.
REFERENCE R- 5462

CHART NO. 2.9.50

THERMAL EXPANSION MATERIAL,, 7075 ALUMINUM
FORM BAR

PROPERTIES CONDITION T6

AT SPECIFICATION MIL- A-2Z77 I

ELEVATED TEMPERATURES DATE MARCH 1962

_0

TEMPERATURE

i

800 .IZO0 1600 2000

F (20 F/DIVISION)7075 ALUMINUM

|



_OCKET_YNE *
A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE R - 3462

CHART NO.

THERMAL EXPANSION MATERIAL
FORM

PROPERTIES CONDITION

AT SPECIFICATION

ELEVATED TEMPERATURES DATE

2-I0.50

TENS-50 ALUMINUM

CAST

T6

RBO tTo-oos
MARCH 1962

NOTES: 8Si-.SMg-.2Fe-.ISBe--.15Ti BALANCE At

.-_ 0.026

0.024

_. o.o_.2

i OD20

d O.OIS

_016

" .014

0.012

0.010

0.008

M.

0.OO4

Z

TEMPERATURE

coo izoo

F (P.O F/DIVISION)

1600 zOOO

TENS-50 ALUMINUM



li.OCI_l="Irx_bqlll_I_bt I_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

NOTES:

CHART NO

THERMAL EXPANSION MATERIAL
FORM

PROPERTIES CONDITION

AT SPECIFICATI ON

ELEVATED TEMPERATURES DATE

4-1,50
Ti-5AL-2.5 SN

BAR
ANNEALED
RB0170-o7g

AUGUST 1965

0.026

I

a 0.024

oJ 0_20--

0.018

0.016

i 0.014

0.012

O.OLO

-4OO 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 200O

Ti-SAL-2.5 SN



IR.O C WL" I_' I_ D_']_I_ m I A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-5462

CHART NO. 4"2" 50

THERMAL EXPANSION MATERIAt TI-6 AL- 4V
FORM BAR

PROPERTI ES CONDITION ANNEALED

AT SPECIFICATION RBO 170-054

ELEVATED TEMPERATURES DATE MARCH 196Z

NOTES:

0.026

¢_ 00024

d
O.022

i 0.020--
00018

00016

0.014
00012

0 400 800 IZOO 1600 2000

TEMPERATURE F (20 F/DIVISION)-IT
-- 6AL-4V



]EIOCIC.t='T]l)'qJl_1'qJ 'm::e • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 5- Z • 50

THERMAL EXPANSION MATERIAL OF HC COPPER
FORM BAR

PROPERTIES CONDITION , ANNEALED
AT SPECIFICATION ....RBO170- 047

ELEVATED TEMPERATURES DATE JULY 1965

0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2OOO

OF HC COPPER



]I_OCU_'B_TD'qJv']R_ _:l • A DIVIIIION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOUROE ROCKETDY NE

APPROVED
REFERENCE R - 3462

CHART NO. 5.4" 50

THERMAL EXPANSION MATERIAL CHROMIUM COPPER
FORM WROUGHT

PROPERI"I ES CONDITION ANNEALED/AGED
AT SPECIFICATION MI L- C- 193 II

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES: 1825 OF "_ 15°/WATER QUENCH/AGE 930 OF -I- i0 o

O.026

OD20

ODI8

GOI6

0.014

(_012

ODIO

-4OO 0 400 800 1200 1600 2000

TEMPERATURE F (20 F/OIVISlON)
CHROMIUM COPPER

i



]li.O C lllr= Ira" "It IDD _IbP ]_ I=l' • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE R-5462

CHART NO, 6-2" 50

THERMAL EXPANSION MATERIAL 1018
FORM WROUGHT

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION QQ-S" 655

ELEVATED TEMPERATURES DATE MARCH 196: >

0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 20O0

1018



UOCKETDYNE •
A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE,, R- 5462

CHART NO. 6"3" 50

THERMAL EXPANSION MATERIAt 4150
FORM WROUGHT

PROPERTIES CONDITION NORMALIZED
AT SPECIFICATION MIL-S-6758

ELEVATED TEMPERATURES DATE MARCH 1962

0 4O0 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2o00

4150



xl, oc_t_"Ir]ll_'qhw]_ _:t • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-346Z

CHART NO. 6,4.50

THERMAL EXPANSION MATERIAL 4340
FORM BAR

PROPERTIES CONDITION SEE NOTES
AT SPECIFICATION RBO 160-050

ELEVATED TEMPERATURES DATE MARCH 196Z

NOTES: QUENCHED AND TEMPERED AT SSOOF

0.O26

-40O 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600

4340

2OOO



m
_i.OCllr.mKTD_Ibr]L'_m • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO 6'5"50

THERMAL EXPANSION MATERIAL 88X
FORM WROUGHT

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION AMS-5624

ELEVATED TEMPERATURES DATE, MARCH 1962

NOTES: ANNEALED / HEAT 'TREATED

0.026

-40O 0

TEMPERATURE F (20 F/DIVISION)

1600

88X

2OO0



m
mJ.OCJCE"J_D'qlb_']_E • A DIVIJlON OF NORTH AMERICAN AVIATION, INC.

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 6"8"50

THERMAL EXPANSION MATERIAL 18% HI (250) MARAGING
FORM FORGING

PROPERTIES CONDITION SEF_ NOTES

AT SPECIFICATION RBO 170-067

ELEVATED TEMPERATURES DATE JULY 1965

NOTES: . ANNEALED 1500°F/I HR / AGED 900°F/I HR

0024

o.o 

i °=
0.016

i 0.014
0.012

-40O 0 400 800 IZO0 1600 ZOO0

TEMPERATURE F ( 20 F/DIVI S ION_8o/9 Ni (250) MARAGING



I_.O Cl_ ET DXl_ 1_ ls:_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

k

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

NOTES:

CHART NO 6"9' SO

THERMAL EXPANSION MATERIAL 18°/9 Ni (300)MARAGING
FORM FORGING

PROPERTIES CONDITION AGED AT 900°F/I HR
AT SFECIRCATION RBQ 170-067

ELEVATED TEMPERATURES DATE JULY 1965

0D26

_LJ (_016

_" 0.014

0.012

0.010

(1008

'400 0 400 800 1200 1600 ZOO0

TEMPERATURE F (20 FIDIVISION)% Ni (_:)0) MARAGING



m
I_O C I_" lIB T Irllb'qlkr 1'q_ IJB • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE NORTHROP DATA

CHART NO 7.1.50

THERMAL EXPANSION MATERIAt 302 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIRCATION MIL-S- 7720

ELEVATED TEMPERATURES DATE JULY 1965

NOTES:

0.026

0 400 800 1200

TEMPERATURE F (20 F/OIVISION)

1600 20oo

302 CRES



_O C IIL" I_'_r IE_'qlke' N l_ • A DIVIIION OF NORTH AMERICAN AVIATION. INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-:5462

CHART NO 7.5" 50

THERMAL EXPANSION MATERIAL 310 CRES
FORM CAST I N G

PROPERTIES CONDITION AS CAST

AT SPECIFICATION A_TkI-A- 296

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

-40O 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 200O

310 CRES



]I_.OC]I_I_-TZ]P'II_IqlI_ l=t • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURQE LITERATURE

APPROVED
REFERENCE NORTHROP DATA

CHART NO. 7.4.50

THERMAL EXPANSION MATERIAL 516 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION QQ" S- 763

ELEVATED TEMPERATURES DATE JULY 1965

-4OO 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2o00

316 CRES



A DIVIIION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURI_

APPROVED,
REFERENCE NORTHROP DATA

CHART NO, 7- 5"50

THERMAL EXPANSION MATERIAL 521 CRES
FORM BAR

PROPERTIES CONDITION ,ANNEALED

AT SPECIFICATION QQ'S- 765

ELEVATED TEMPERATURES DATE JULY 1960

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

321CRES



ROCXETDYNE •
A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 5462

CHART NO. 7- 6- 50

THERMAL EXPANSION MATERIAL 350 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION AMS-5592

ELEVATED TEMPERATURES DATE MARCH 1962

-400 4O0 80O I ZOO

TEMPERATURE F (20 F/DIVI SION]

1600 20o0

330 CRES



]ii.O C I1_. _' "!_ ]I_P *III1_ ]E_bl _1=_ • A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 7.7.50

THERMAL EXPANSION MATERIAL 547 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION 0Q-S-765

ELEVATED TEMPERATURES DATE 6-1-66

0 400 800 12O0

TEMPERATURE F (20 F/DIVISION)

1600 20OO

347 CRES



m_,OCIIC_"lrDYNm • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS
AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO 7.8,50

THERMAL EXPANSION MATERIAL RA- 333
FORM BAR

PROPERTI ES COND IT ION ANNEALED
AT SPECIFICATION RBO 170-041

ELEVATED TEMPERATURES DATE JULY 1965

NOTES:

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

RA- 35:3



l_.O C 'll_ l=" T !rl, "ql_ ]_ I=" • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO 7.9.50

THERMAL EXPANSION MATERIAL 29Ni-20CR CRES
FORM BAR

PROPE RTI ES CONDITION ANNEALED

AT SPECIFICATION RBO 160-009

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

0D26

(1024

0,ot2

i 0020
0,018

i 0,016

i 0.014
0.012

0.010

0,008

0,1X14

G_

i 0
-O.IXI2

0 4O0 8OO 12OO

TEMPERATURE F (20 F/DIVISION)

1600 2O00

29Ni-20CR CRES



mOCKETDYNE •
A DIVISION' OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO 7. IO. 50

THERMAL EXPANSION MATERIAL 35 Ni- ISCR CRES
FORM CAST

PRO PE RTI E S CONDIT 10N ,ANN EALED
AT SPECIFICATION -

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

0.026

0.024

0.022

0018

_ 0.016

" 0.014

I--

0.012

0.010

0.006

I,i,

0 400 800 1200 1600 2000

TEMPERATURE F (20 F/DIVISION)
55Ni-15 CR CRES



i_ ROCKETD¥_E *
A DIVISION OF NORTH AMERICAN AVIATION. INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETI_NE

APPROVED
REFERENCE R- 5462

CHART NO. 8" 1.50

THERMAL EXPANSION MATERIAL 416 CRES
FORM WROUGHT

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION AMS 5610

ELEVATED TEMPERATURES DATE MARCH 1962

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600

416 CRES

2000



_OC_ETDVNE •
A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO 8"2"50

THERMAL. EXPANSION MATERIAL 430 FM CRES
FORM _&l_

PRO PE RTI ES CONDITION ANNEALED

AT SPECIFICATION -

ELEVATED TEMPERATURES DATE JULY 1965

0

TEMPERATURE F (20 F/OIVISION)

1600 2OO0

430 FM CRES



II_OCIIK ET DYN E •
A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO 8"3"50

THERMAL EXPANSION MATERIAL 431 CRES
FORM BAR

PROPERTIES CONDITION ANNEALI_D

AT SPECIFICATION MIL-S- 18732

ELEVATED TEMPERATURES DATE MAR_H 196Z

-4O0 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 200O

431 CRES



]_O C _ m=" "ir ]_'q_ ]_ l=:_ • A DIVISION OF" NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCEROCKETDY NE

APPROVED
REFERENCE R-3462

CHART NO. 8-4- 50

THERMAL EXPANSION MATERIAL 440C CRES
FORM BAR

PROPERTIES CONDITION SEE NOTES
AT SPECIFICATION LBO 160- 15 I

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES: QUENCHED AND TEMPERED AT 350 ° F

O_Z6

0J024

_O_Z

i °=
d 0.0i8

_L_ 0.016

0.014

0.012

O.OlO

I-

| o
5

TEMPERATURE F (20 F/DIVISION]

1600 zOO0

440 C CRES



_ O C talc !==" Ir D'II_" ]_qg l==' • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE RO_KETDYNE

APPROVED

REFERENCE R- 5462

CHART NO. 8.5-50

THERMAL EXPANSION MATERIAL 17-4PH CRES
FOR M BA R

PROPERTIES CONDITION AGED AT 850°F

AT SPECIFICATION AMS 5645

ELEVATED TEMPERATURES DATE MARCH 1962

0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

17- 4PH CRES



ROCK J_T I)¥1_ E •
A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 3462

CHART NO 8.7.50

THERMAL EXPANSION MATERIAL AM 555 CRES
FORM BAR

PROPERTIES CONDITION ,ANNEALED/_CT 10OO

AT SPECIFICATI ON

ELEVATED TEMPERATURES DATE MARCH 1962

-40O 0 400 800 1200 1600 2000

TEMPERATURE F (20 F/DIVISION)AM 355 CRES



m !i_o (::ILK IB T ll),Ibr ]rqgIB •
A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO 8.8.50

THERMAL EXPANSION MATERIAL. NS 355 CRES
FORM BAR

PROPERTIES CONDITION HARD DRAWN
AT SPECI FICATI ON

ELEVATED TEMPERATURES DATE JULY 1965

-40O 0 400 80O 12O0

TEMPERATURE F (20 F/DIVISION}

1600 2000

NS 355 CRES



_OCIK; Elf DYNE • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 9.1.50

THERMAL EXPANSION MATERIAL A-286 CRES
FORM BAR

PROPERTI ES CONDITION ANNeALED/AGED

AT SPECIFICATION AMS 5754. 5737

ELEVATED TEMPERATURES DATE JULY 1965

400 800 1200

TEMPERATURE F (20 F/DIVISION)

160O 2000

A- 286 CRES



]_O C w_" w_ T ]l_qlkr 1Wkl ]E • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO. 9" :5.50

THERMAL EXPANSION MATERIAl INCONEL X-750
FORM WROUGHT

PROPERTI ES CONDITION ANNEALED
AT SPECIFICATION RBO 170-045

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

0.026

_L_ 0.016

i 0.014
0.012

0.010

0.000

-400 0 400 800 1200 1600 2000

TEMPERATURE F (20 F/DIVISION)
INCONEL X - 750



ROCKETDYNE •
A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 5462

CHART NO. 9- 4.50

THERMAL EXPANSION MATERIAL INCONEL 600
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION MIL-N- 67 I0

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

0.026

0.024

_. o._

i .020 --

dd O.Ol8

0.016

" .014

0.012

0.010

0.008

IL

! o
15 .
I- -0004

16Cr-TFe-76 Ni

-4O0 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 20O0

INCONEL 600



ROCEETOVSE •
A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETD¥ NE

APPROVED
REFERENCE R-5462

CHART NO. 9- 5.50

THERMAL EXPANSION MATERIAI INCONEL 718
FORM BAR

PROPERTIES CONDITION ANNEALED(15% COLDRQLL)/AGED
AT SPECIFICATION RBO 170-038

ELEVATED TEMPERATURES DATE MARCH 1962

i

NOTES: BOTH ANNEALED AND 15 °/o C.R. HAVE THE SAME CURVE

.-.. 0.026

0.024

__5.

i 0.1_0

_ 0.018

(_016

0.014

0.012

Z 0.010
P

0.008

M.

_ 0.006
W

_ 0.004

_ _0_

! o
-OO04 - 400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

|

1600 ZOO0

INCONEL 718



BOCK_TDYNE •
A DIVISION OF NORTH AMERICAN AVIATION. INC.

tSSUED B_MATERIALS

AND PROCESSES DEP_
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-34.62

CHART NO. 9-6'50
RENE* 41

THERMAL EXPANSION MATERIAL
FORM WROUGHT

PROPE RTI ES CONDITION, ANNEALED/AGED

AT SPECIFICATION RBO 170-049

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

0.026

0.024

i

I 0,016

0,014

0.012

0,010

0.006

0

I- -OIXI4
-4O0 0 4O0 800 1200 16O0 ZOO0

TEMPERATURE F (20 F/DIVISION) RENE' 41



]II.OC_¢'_:_'TDI_']_IIE[ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

tSSUED BYMATERIALS

AND PROCESSES DEPT.

SOURCE. ROCKETDYNE

APPROVED

REFERENCE R-546Z

CHART NO. 9"7- 50

THERMAL EXPANSION MATERIAL HASTELI,.QY B
FORM WROUGHT

PROPERTI ES CONDITION ANNEALED
AT SPECIFICATION RBO 170-002

ELEVATED TEMPERATURES DATE MARCH 1962

28 Me- 2.5 Co- 5 Fe - BALANCE Ni

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

HASTELLOY B



ROCKETDY_E •

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R - 3462

A DIVISION OF NORTH AMERICAN AVIATION. INC

THERMAL EXPANSION

PROPERTIES

AT

ELEVATED TEMPERATURES DATE

CHART NO. 9" 8.50
MATERIAL HASTELLOY C

FORM WROUGHT

CONDITION ANNEALED
SPECIFICATION RBO i70-046

MARCH 1962 ., ,

16M0'-15Cr -4W-SFe-2.5Co-BALANCE Ni

-40O 0 400 800 I ZOO

TEMPERATURE F (20 F/DIVISl0N)

1600 2000

HASTELLOY C



_OC_ETDYNE •
A DIVISION OF NORTH AMERICAN AVIATION. INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE UNION CARBIDE- 10-64

CHART NO.

THERMAL EXPANSION MATERIAL
FORM

PROPERTI ES CONDITION
AT SPECi FICATI ON

ELEVATED TEMPERATURES DATE

9.9.50

HASTELLOY X

BAR

ANNEALED

AMS-5754D

DECEMBER 1966

NOTES: 22Cr -19Fe- 9Mo-2Co-BALANCE Ni

,-, 0.026

>

0.024

=;

Z 0.022

i 0.020

O_ 0.018

=;

L; .016

_" 0.014

0.012

0.010

0.008

14.

ooo6
0.004

ZO 0,002

! o
-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2OOO

HASTELLOY X



i_.O (C_ i11_ !_' T ll])'_l_r ]_ S • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 9'10' 50

THERMAL EXPANSION MATERIAL RENE' 62
FORM BAR

PROPERTIES CONDITION AGED

AT SPECI FICATI ON -

ELEVATED TEMPERATURES DATE JULY 1965

NOTES: 15Cr- 9Mo- 2.25 Cb-2.5Ti-l.25 AI- 22 Fe- BALANCE Ni

0.026

0 0,002

i °
-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

RENE' 62



[_ ROCKETDY_E •
A DIVISION OF NORTH AMERICAN AVIATION, INC.

THERMAL EXPANSION

PROPERTI ES

AT

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED,
REFERENCE R- 3462

CHART NO. I0" I • SO
MATERIAL K-MONEL

FORM BAR

CONDITION AGED
SPECIFICATION RBO 170-051

ELEVATED TEMPERATURES DATE MARCH 1962

i,=

-400 0 400 80O 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

K- MONEL



ROCKETDVNE •
A DIVISION OF" NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 10"2' 50

THERMAL EXPANSION MATERIAL INVAR 36
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION RBO 160-028

ELEVATED TEMPERATURES DATE dULY 1965

0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

INVAR 36



]i_.O C _1_. E T D "_1_" ]_k[ 1l_" • A DIVISION OF" NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS
AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE INCO DATA

CHART NO. 10.3-50

THERMAL EXPANSION MATERIAL NICKEL 200
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION RBO 170-014

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES: 9 9.5 N i

0.018

-4O0 0 800 I I_ 16OO 2OO0

TEMPERATURE F (20 F/DIVISION) NICKEL 200



A DIVISION OF' NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE R- 3462

CHART NO.

THERMAL EXPANSION MATERIAL
FOR M

PROPERTI ES CONDITION

AT SPECI FICATI ON

ELEVATED TEMPERATURES DATE

I0.4.50

UDIMET A

BAR

SEE NOTES

DECEMBER 1966

-IOOF/16 HR, A.W._ 900F/I HR_ A.C.

400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2O00

UDIMET A



m _OCKETDYNE • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 10.5" 50

THERMAL EXPANSION MATERIAL UDIMET 700
FORM BAR

PROPERTI ES CONDITION AGED
AT SPECIFICATION -

ELEVATED TEMPERATURES DATE 1964

15Cr-18Co-5Mo-STi-4AI BALANCE Ni

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2OOO

UDI MET 700



_ O C mr" I_ "l" _DB '_Ib_ I_ IB_ • A DIV(IION OF NORTH AMERICAN AVIATION. INC.

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE
APPROVED

REFERENCE R-:5462

CHART NO. 11,2.50

THERMAL EXPANSION MATERIAL Cb - IOTi - IOMo
FORM PLATE

PROPERTIES CONDITION AS RECIEV_D
AT SPEC| FICATI ON -

ELEVATED TEMPERATURES DATE MARCH 1962

NOTES:

0_26

-400 0 4OO 8O0 12O0 160O 20OO

TEMPERATURE F (20 F/DIVISION)
Cb-IOTI -IOMo



ROCKETDYNE •
A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO. 11-6-50

THERMAL EXPANSION MATERIAt TA- lOW
FORM BAR

PROPERTIES CONDITION AS RECEIVED

AT SPECIFICATION AMS 7848

ELEVATED TEMPERATURES DATE MARCH 1962

TEMPERATURE F (20 F/DIVISION}

1600 2000



]EIO C _¢" _:=" 'lr _"11kr ]_ I_ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE LOCKHEED DATA

CHART NO. 11.7.SO

THERMAL EXPANSION MATERIAl Be- 33AL
FORM _AR

PROPERTIES CONDITION AS EXTRUDED
AT SPECIFICATION -

ELEVATED TEMPERATURES DATE JULY 1965

NOTES:

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 zOO0

Be - 33AL



il.O C We" !=' "jr ]D "II1( lql_ l::' • A DIVISION OF NORTH AMERICAN AVIATION, INC.

iSSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 12-I- 50

THERMAL EXPANSION MATERIAL CDJ- 97 GRAPHITE
FORM

PROPERTI ES CONDITION
AT SPECIFICATION -

ELEVATED TEMPERATURES DATE JULY 1965

NOZES:

0.026

0.024

_. 0.022

0.020

0018

0.016

0.014

0.012

0.010 __

_0 0.008

U..

o
_ 0.004

! o
-400 O • 400 800 1200

TEMPERATURE F (ZO F/DIVISION)

1600 2OO0

CDJ-97 GRAPHITE



li.O C I_ l=' Ir I'I Ii_ _*II_ I_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEFT'.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 12.2 • 50

THERMAL EXPANSION MATERIAL P-O3-XHT-GRAPHITE
FORM

PROPERTI ES CONDITION
AT SPECIFICATION

ELEVATED TEMPERATURES DATE JULY 1965

NOTES:

0.026

-40O 400 00(3 1200 1600 2000

TEMPERATURE F (20 F/DIVISION)
P- 0:3- XHT- GRAPHITE



]lifO C ]IK_ II=' T _'qlV" _ 11l_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

tSSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE RQCKETDYNE

APPROVED
REFERENCE R - :_462

CHART NO. 12-5-50

THERMAL EXPANSION MATERIAL p-303-C GRAPHITE
FORM

PROPERTI ES CONDITION

AT SPECIFICATION

ELEVATED TEMPERATURES DATE

NOTES:

0D26

-400 0 400 800 1200

TEMPERATURE F (20 F/DIVISION)

1600 2000

P- 303-C GRAPHITE



]1_0 (C_ IK ]B lr ]1_I1_ _ IB • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS
AND PROCESSES DEPT.

SOURCE RQCKI_TDYNI_

APPROVED
REFERENCE R- 5462

CHART NO. 12.4"50

THERMAL EXPANSION MATERIAL _692 GRAPHITE
FORM

PROPERTIES CONDITION AS RECIEVED

AT SPECIFICATION -

ELEVATED TEMPERATURES DATE MARCH 1962 ,

NOTES:

0.026

0.024

d
o.o22

d

i 0.020

d 0.018

_!_ 0.016

i 0.014
0.012

0.010

k-

al_2

I °
0 400 BOO 1200 1600 2000

TEMPERATURE F (20 F/DIVISION)#692 GRAPHITE



]i_, O C lk¢ l_ "It" x) "qlkr ][qM tl:_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BYMATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 12.9.50

THERMAL EXPANSION MATERIAL TUNGSTEN CARBIDE
FORM

PRO PE RTI ES COND ITION

AT SPECIFICATION -

ELEVATED TEMPERATURES DATE JULY 1965

LINDE FLAME SPRAYED

-400 0 400 800 IP.O0

TEMPERATURE F (20 F/DIVISION)

1600 20O0

TUNGSTEN CARBIDE



SECTION II

THERbtALEXPANSIONPROPERTIES

OF AEROSPACEld.ATERIALS

AT CRYOGENIC T_TURES



_OCil_I_l_]i)_l_]qll_E • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE WADD TR 60-56 ! 'rr

CHART NO.

THERMAL EXPANSION MATERIAL
FORM

PROPERTI ES CONDITION

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE

1"2"60

LEAD
WROUGHT

JULY 1965

NOTES:

td -0.010

-0,012

-400 -_X] -P.00 -I00 0

TEMPERATURE F (5 F/DIVISION)

IOO

LEAD



I_0 C ]II_ ]E_ t ]Dk'ql_" _ ]E_ • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE LITERATURE

APPROVED
REFERENCE WADD TR 60-561 TT

CHART NO.

THERMAL EXPANSION MATERIAL
FORM

PRO PERT I ES COND _T ION

AT SPEC IFICATION

CRYOGENIC TEMPERATURES DATE

I-3-60

SILVER

WROUGHT

JULY 1965

NOTES:

0.0010

0.0005

o

i -0.0005

d

Z

_ -ODOI5

uJ -0.0020

=E
hi
I'-
0 -0.0025
I--"

U.

_0 -aO050

G

-400 - 300 - 200 - I00

TEMPERATURE F (5 F/DIVISION)

0

SILVER

I00



m
m_LO C l_ I:_ T ]_'_ l'q_ lira= • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE LITERATURE

APPROVED
REFERENCEWADO TR60-56= l"t

CHART NO.

MATER I At
THE RMAL EXPANSION

FOR M

PRO PE R 1"I ES CON DIT I ON

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE

1.4.60

TIN

WROUGHT

JULY 1965

NOTES:

-aooso
-400 - 500 - 200 - I00

TEMPERATURE F (5 F/DIVISION)
TIN

I00



_O C_: I1_ _==PT ll_b_kr _ IE_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCF.3SES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE WADD: TR 60-56_ _,

CHART NO. I o5, 60

THERMAL EXPANSION MATERIAL ZINC
FORM WRQUGHT

PROPERTI ES CONDITION

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE JULY 196_i

NOTES:

-0,012,

0
•r -0,01

-4OO -_)O -200 -I00 0 I00

TEMPERATURE F (5 F/DIVISION)
Z INC



H_. O C IlK. M_ "_ ]D "I_ I_I E • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE WADD TR 60-56 Tr

CHART NO.

THERMAL EXPANSION MATERIAL
FORM

PRDPERTI ES CONDITION

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE

2, I- 60

ALUMINUM
WROUGHT

JULY 1965

NOTES:

0.0010

0.0005

o

-0.0010
z_

_ -0.0040

.J

-0.0050
-3OO -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

ALUMINUM

I00



_O C ]11_. E =lr ]lll_b _ lit111=_ • A DIVII_ION OF NORTH AMERICAN AVIATION. INC

iSSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-346Z

CHART NO, 2.3.60

THERMAL EXPANSION MATERIAL 2014 ALUMINUM
FORM WROUGHT

PROPERTIES CONDITION T-6

AT SPECIFICATION QQ-A-261-266

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

0.0010

0.0005

_= o

-00005
-0.0010

z_

_:" -0_015

_ -0.0020
Q.

W
F-

-0._25

IJ.

0 -00050

ff

-0OO55
Z
U

-0.0040

j -0.0045

-(_0050
-4O0 -300 -2O0 - I00 0

TEMPERATURE F ( 5 F/DIVISION)
2014-T6 - ALUM INUM

I00



]I_. O C 11k_ m:" T ][])'_lle rq_ Ia_ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-5462

CHART NO. 2,4.60

THERMAL EXPANSION MATERIAL 2020 ALUMINUM
FORM I_IAR

PROPERTIES CONDITION T6

AT SPECIFICATION, -

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES: 4Cu BALANCE AI

0.0010

0.0005

_= o

-00005

-0.0010

- 0.0015

-_0020

I-

_ -0J_25

u.

..j -0.0045

-aO050
-4O0 -500 -200 -I00 0

TEMPERATURE F ( 5 F/DIVISION)
20ZO-T6- ALUMINUM

I00



liiOCK IETI)¥ ]_ E • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO, 2.5.60

THERMAL EXPANSION MATERIAl 2024 ALUMINUM
FORM BAR

PROPERTIES CONDITION T3

AT SPECIFICATION Q Q-A-268

CRYOGENIC TEMPERATURES DATE JULY 1965

NOTES:

0.0010

0.0005

_= o

-0.0005

-0.0010

-0D015

_ -0.01_0

-0.0025

Z_ -0.0055
¢=

! -0_)O40
-O0O45

-4O0 -500 -200 -I00 0

TEMPERATURE F ( 5 F/DIVISION)
2024-T4-1"5- ALUM INUM

I00



m
ll_.O C ]II[ n=" T ]l:])Itf" l'q_ _ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO. 2.6.60

THERMAL EXPANSION MATERIAL 2618 ALUMINUM
FORM BAR

PROPERTIES CONDITION T6

AT SPECIFICATION Q Q -A- :325

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

(10005

o

-OJO005

-0.0010

-0.0015

_ -0.0020

w.

-(10050
-400 - 300 - 200 - I00 0 I00

TEMPERATURE F ( 5 F/DIVISION)
2618 - T6- ALUMI NUM



]J_.O C Rlrb 111=""It ]I_11_" ]_ _ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED,
REFERENCE

CHART NO. 2.7.60

THERMAL EXPANSION MATERIAL 6061 ALUMINUM, ....
FORM BAR

PRO PERTI ES CONDITION T- 6

AT SPECIFICATION QQ -A- 32 5

CRYOGENIC TEMPERATURES DATE JULY 1965

NOTES:

GO010

._1 -0.0045

-0.0050
-4O0 -3(X) -200 -I00 0 I00

TEMPERATURE F ( 5 F/DIVISION)f606 -T6 _ ALUM|NUM



m l_.OClC.Etx_,_.l_l_ I=t • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED.

REFERENCE R- 3462

THERMAL EXPANSION

PRO PERT I ES
AT

CRYOGENIC TEMPERATURES

CHART NO. 2.8.60

MATERIAL 6066 ALUMINUM

FORM BAR

CONDITION T6

SPECIFICATION MIL-A- 25493

DATE MARCH 1962

NOTES:

GO010

-400 -500 - 200 - I00 0 I00

TEMPERATURE F ( 5 F/DIVISION)
6066-T6- ALUM I NUM



m
li.OCll_l_TIC_'_l_']L'_ I¢_ • A DIVIIIION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVE D
REFERENCE

CHART NO. 2'9"60

THERMAL EXPANSION MATERIAL 7075 ALUMINUM
FORM BAR •

PROPERTIES CONDITION T6

AT SPECIFICATION QQ-A-282

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0.0010:

0.0005

_= o

-GO005

-(10010

-CuDOI5

-400 -300 - 200 - I00 0 I00

TEMPERATURE F ( 5 F/DIVISION)
7075 ° T6-ALUM INU M

i



m
]_,OCm_' E T D_IV" N E • A DIVIIION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 2" 10.60

MATER IAL TENS- 50 ALUMINQM
THERMAL EXPANSION

FORM CAST
PROPERTIES CONDITION T-60_ T-6

AT SPECIFICATION RBO 170-008

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: 8Si-.5Mi--ZFe--15Be''I5Ti-BALANCEAI

-40O -500 -20O -I00 0 I00

TEMPERATURE F ( 5 F/DIVISION)
TENS- 50-T6-T60 ALUMINU M



m
liOCll_ ET !)¥ N E • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

THERMAL EXPANSION

PRO PE RT I ES

AT
CRYOGENIC TEMPERATURES

CHART NO. 4.1.60

MATER I AL Ti-5AL- 2.5 SN

FORM BAR

CONDITION ANNEALED

SPECIFICATION RBO 170-079

DATE AUGUST 1965

NOTES:

_Z -0.0035

-400 -3_)0 -200 - I00

TEMPERATURE F ( 5 F/DIVISION)
Ti-SAL-2.5 SN



l_.OCa_'l='TX_'Ibt"]'qblte=t • A DIVISION OF NORTH AMERICAN AVIATION. INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNI_

APPROVED
REFERENCE

NOTES:

CHART NO. 4.2.60

THERMAL EXPANSION MATERIAl Ti- 6AL-4V
FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION RBO 170- 054

CRYOGENIC TEMPERATURES DATE AUGUST 1965

1400°F ANNEAL/1750°F ANNEAL PLUS IO00°F AGE

(_0010

aooo5

o

-0.0010

-0£)015

_ -(_0020

-0.0025

0 -_0050

_ -Q0055

-4OO -3OO -2OO - I00

TEMPERATURE F (5 F/DIVISION)

o

T1-6AL-4V

I00



m ]11 o c a_. _¢. t rli'11P ][q_ R_- • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

AlaPROVED_
REFERENCE

CHART NO. 5.2.60

THERMAL EXPANSION MATERIAL OFHC COPPER
FORM BAR

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION Q Q'C" 502

CRYOGENfC TEMPERATURES DATE AUGUST J965

NOTES:.

GO010

0.0005

o

z
-0.0010

z_

_ -0.0015

-400 -500 -200 - I00

TEMPERATURE F ( 5 F/DIVISION)

0

OFHC COPPER

I00



lJ_O C III[ ]B: 'IP ][)_II_" ]_qJ _ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DI=PT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE R - 3462

CHART NO. 5" 3"60

THERMAL EXPANSION MATERIAL BERYLLIUM COPPER
FORM BAR

PROPERTIES CONDITION AGED

AT SPECIFICATION O Q- C- 530

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES: 2 Be-.2Co-Cu BALANCE (ALLOYNO.25)

(10010

,j -00045

-(10050
-400 -300 -2O0 -I00

TEMPERATURE F ( 5 F/DIVISION)

0 I00

BERYLLIUM COPPER



l;IO C l_" I=" "lr" Inb _I_" l'q_ ]lIB • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 5.4.60

THERMAL EXPANSION MATERIAL CHROMIUM COPPER
FORM BAR

PROPERTIES CONDITION SEE NOTES
AT SPECIFICATION MIL- C- 19311

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: 1825°F + 15°/WATER OUENCH /930°F _1- i0 o

0.0010

-_>
0.0005

=;

=_ o

-o.oom

-0.0015

_ -0.007.0

_ -0.0025

U.

-0.0030

G

2:
(._
2:

-0D040

/ -0D045

-0.0050
-4OO -30O -ZOO - 1(30

TEMPERATURE F ( 5 F/OIVISION)

0 Ioo

CHROMIUM COPPER



m
liD C _r m_' 'lr _"qJ_ ]_ W:_ • A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 3462

CHART NO. 5,5.60

THERMAL EXPANSION MATERIAL ALUMINUM BRONZE
FORM _IAR

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION QO" A- 630

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

GO010

-4O0 -300 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0 Io0

ALUM INUM BRONZE



IQ.OCW=c'I="lrDI_N l_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

NOTES: 30Cu-2OPb-IOSn

CHART NO. 5-6.60

THERMAL EXPANSION MATERIAl. BEARIUM B-tO
FORM CASTING

PROPERTIES CONDITION AS CAST

AT SPECIFICATION RB0170-094

CRYOGENIC TEMPERATURES DATE AUGUST 1965

aOOlO

0.0005

o

-- -0.0010,

_" -0_015

_ -0.OO2D

0 -0.0025

ix.

0 -0.0030

_ -0£)040

..j -0.0045

-40O -500 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

BEARIUM B-IO

IO0



l_.O C _=¢" m=' T n'qJlt" _Id I_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE RQCKETDYNE

APPROVED
REFERENCE

NOTES: 30 Cu-26 Pb- 4S n

CHART NO. 5- 7.60

THERMAL EXPANSION MATERIAL BEARIUM B-4
FORM CASTING

PROPERTIES CONDmON A_ CAST

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AUGUST 1965

(10010

aoooe

_= o

-ODO05

-0,0010

-0.0015

-0.0020

0 -0.0025

G

..i-
to
-t,"

-0,0040

.j -0.0045

-0.0050
-400 -30O -ZOO -I00

TEMPERATURE F ( 5 F/DIVISION)

o

BEARIUM B-4

I00



ii 0 (_: lie '_=' T ]D'11kr ]'q_ l:_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE.

CHART NO. 5.8.60

THERMAL EXPANSION MATERIAL NAVAL BRASS
FORM BAR

PROPERTIES CONDITION ANNEALED

AT SPEC IFICATION AMS 4611C - 4(_ I ;_D

CRYOGENIC TEMPERATURES DATE AuGus T 1965

NOTES:.

GO010

U1

0 -0.00:50

_ -0.0040

-4OO -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0 I0O

NAVAL BRASS



iiOCK ET I)Yl_J E • A DIVISION OF NORTH AMERICAN AVIATION. INC_

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE WADD TR 60-56= Tr

CHART NO. 6.1.60

THERMAL EXPANSION MATERIAl. IRON
FORM CASTING

PROPERTIES CONDITION ,, SEE NOTES

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: AS GROWN CRYSTALS/ANNEALED

GO010

-4O0 -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

IRON

I00



i_ILO C l_. W:e t X_" ]_i _:e • A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 9462

CHART NO. 6" 2 "60

THERMAL EXPANSION MATERIAL 1018
FORM WROUGHT

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION Qq- S-633

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

-00040,
-0D045

-4O0 -300 -200 -I00

TEMPERATURE F (5 F/DIVISION)
1018

I00



iiOCil£1='l["Dl_'N 'm=' • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE RQCKETDYNE •

APPROVED

REFERENCE

CHART NO. 6" 3" 60

THERMAL EXPANSION MATERIAL 4130
FORM BAR

PROPERTIES CONDITION NORMALIZED AT 1650°F

AT SPECIFICATION, M I L- S - 6758

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0.0010

aooc 

o

-ODO05

-C_O010

-0_)015

-(_0020

=.

0 -G0025

M.

_0 -QO050

-Q0035

Z

-OD040

_j -00045

-(:10050
-400 -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0 I00

4130



II.OCEET]DY]_IIE • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE
APPROVED,
REFERENCE R- 3462

CHART NO. 6.4.60

THERMAL EXPANSION MATERIAL 4:540
FORM BAR

PROPERTIES CONDITION SEE NOTES
AT SPECIFICATION RB0160-030

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES: QUENCHED AND TEMPERED AT 850 ° F/ UTS- 200_000 PSI

000010

I-
0 -000025

_1 -0£)045

-0.0050
-400 -300 -ZOO -I00

TEMPERATURE F (5 F/DIVISION)

0

434O

JO0



m
]lsJ.oct_'tl=e"Jr'x])_l_']rqJ]E_ • A DIVfSION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROC KETDYNE

APPROVED
REFERENCE R - 3462

CHART NO. 6-5.60

THERMAL EXPANSION MATERIAl 88 X
FORM WROUGHT

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION AMS-5624

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

0.0005

_= o
U3

-0.0005

-0.0010

-0£)015

.j -(10045

-(10050
-400 -300 -200 -I00

TEMPERATURE F ( 5 F/01VISlON)
88X

I00



R O C mb¢" ]E_ "It" Irlb'_Jbf" Fq_ _ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 6"6"60

THERMAL EXPANSION MATERIAL MARAGING 1200)
FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:...SOLUTIONED AT 1500°F AND AGED AT 900°F

GOOIO

0.0005

o

i--
-- -GO010

_" -0.0015

-0.0020

.=

0 -0.0025
k-

M.

_0 -QOOSO

_ -0.0055
Z
¢.)
Z

-OO040

_j -00045

-0.0050
-4OO -500 -200 -I00

TEMPERATURE F ( 5 F/OIVISlON)

0

MARAGtNG (200)

I00



i:_OCl¢'l¢'TX_'_l_]_lJ 'll=r • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 6" 8" 60

THERMAL EXPANSION MATERIAL MARAGING (250)
FORM FORGI NG

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION RBO 170-067

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:. ANNEALED 1500°F/I HR AND/OR AGED 900°F/I HR

0.0010

0.0005

o

-0.0005:

-0.0010

-0.0015

-4OO

ANNEALED

- 500 - 200 - I00

TEMPERATURE F ( 5 F/DIVISION)

o IOO

MARAGING (250)



I_.O C w,¢" ]E_ T X_I_I_ ]'qml E • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 6" 9- 60

MATERIAl. MARAGING (300)
THERMAL EXPANSION

FORM FORGING

PROPERTIES CONDITION AGED AT 900°F/I HR

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0.0010

0.0005

_= o

-0.0005

-GO010

-0_3015

0 -G0025

14.

O -0.0030

Z -0.0035

-0,0050
-4O0 -:500 -2O0 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

MARAGING (300)

IO0



]liOCll_I¢_T11r_*qlbr1'q_E • A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 6" 10.60

THERMAL EXPANSION MATERIAL 9310
FORM BAR

PROPERTIES CONDITION Q.T. RG36-40
AT SPECIFICATION AMS 6260- 6266

CRYOGENIC TEMRERATURIES DATE AUGUST 1965

NOTES:

_" -0.0035

-400 -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0 |00

9310



m
IIIO CII{ IET gYlqll E • A DIVIIIION OF NORTH AMERICAN AVIATION. INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 6-1 I. 60

MATERIAL 9 Ni- 4C0
THERMAL EXPANSION FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: SOLUTIONED 1550°F PLUS DOUBLE TEMPER I000 OF

0.0010

(10005

o

i -ODO05

z
-GO010

_ -0_015

0 -0.0030

Z -Q0035

-4O0 -300 - 200 - I00

TEMPERATURE F ( 5 F/DIVISION)

0

9Ni- 4C0

I00



m
_O C II,¢" JE_ T D_lhf" ]RJ IE_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 7.2-60

THERMAL EXPANSION MATERIAl. 504L CRES
FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION QQ -S- 765

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: ANNEALED AT 1950 °F. WATER OUENCHED

Z
0

-OD040

.j -OO045

-(_0050
-4OO -500 -2OO -I00

TEMPERATURE F ( 5 F/DIVISION)

0

504L CRES

I00



]1_ O C lilt. !1_' "IF' ]1_ _J_ ]_ tl_- • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE ,

APPROVED
REFERENCE,

CHART NO. 7':5"60

THERMAL EXPANSION MATERIAL 310 CRES
FORM CASTING

PROPERTIES CONDITION _II_E NOTES

AT SPECIFICATION ASTM-A-296

CRYOGENIC TEMPERATURES DATE AUGUST 19615

NOTES: AS CAST/ANNEALED

0.0010

0.0005

=;

=_ o

z

_ -0_)015

n

w

-Q_25

M.

-00030

o

-0D040

.j -0D045

-GO050
-40O -300 - 200 - 100

TEMPERATURE F ( 5 F/DIVISION)

0

310 CRES

I00



m
_O C BI_ I_" T _qll_' _li E • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT. OF STAND_U_OSTHERMAL EXPANSION
SOURCE NATIONAL BURENJ
APPROVED PRO PERT IES

AT
REFERENCE CRYOGENIC

TEMPERATURES

CHART NO. 7.3A.60

MATERIAL :_10 CRE_
FORM BAR IWROUGHT)

CONDITION ANNEALED

SPECIFICATION

DATE SEPTEMBER 1966

NOTES:

0.0010

-400 -300 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

310 CRES

I00



Ei.O C Ib¢" _=" T I_ _II_ _ I::* • A DIVISION OF NORTH AMIrRICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 7.4.60

THERMAL EXPANSION MATERIAL 316 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION Q Q-S-765

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:.

0.0010

_1 -0.0045

-0.0050
-4O0 -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

o

516 CRES

I00



_OCi_.ll_,"lr_ll_Id"]_E • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE RQCKETDYNE

APPROVED
REFERENCE

CHART NO, 7-5"60

MATERIAL 321 CRES
THERMAL EXPANSION FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION Q q-S-763

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0_0OI0

-4O0 -300 -2O0 -IO0

TEMPERATURE F (5 F/DIVISION)
321 CRIES

I00



IIO C l_" l_'T ]E_J_' 2_ Im=_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

NOTES:

CHART NO. 7'7"60

THERMAL EXPANSION MATERIAL 347 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED
AT SPECIFICATION 00-S-763

CRYOGENIC TEMPERATURES DATE AUGUST 1965

0.0010

0.0005

o

-GO005

-0.0010

-0_)015

_ -G0025

u.

0 -0.0030

,I-
o
-r

-OD040

_j -G0045

-G0050
-400 -500 -2OO -I00

TEMPERATURE F ( 5 F/DIVISION)

0

347 CRES
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li.O C l_" E 'It" D _IbF ][ql_ I=¢ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 3462

CHART NO. 7.9.60

MATERIAL 2:9 NI - 20 CR
THE RMAL, EXPANSION

FORM BAR
PROPERTI ES CONDITION ANNEALED

AT SPECIFICATION RBO 160-009

CRYOGENIC TEMPERATURES DATE I_ARCH 1962

NOTES:

0.0010

0.0005

o

!=-
-0.0010

_ -0.0020

0 -0.0025

U.

O -0.0030

-40O -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

29 N i - 20 CR

I00



]I_O C II_ ll_ T D_Ik_" _ ]E¢ • A DIVISION OF NORTH AMERICA'N AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 3462

THERMAL EXPANSION

PROPERTIES
AT

CRYOGENIC TEMPERATURE_

CHART NO. 7. 10.60 ,

MATERIAL :35 Ni-15CR

FORM CASTING

CONDITION _CAST AND ANNEALED

SPECIFICATION
DATE MARCH J962

NOTES:

0.0010

(10005

_= o

-0_0010

.j -_045

-400 -300 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0 I00

35 Ni -15CR



IRk O C lf_" t_" T _ 11_" _lll _ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE _

APPROVED,

REFERENCE

CHART NO. 7.11 .60

MATERIAL ARMCO 21-6-9
THERMAL EXPANSION

FORM BAR
PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION --

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: ANNEALED AT 1950°F/I HR. I WATER QUENCHED "
21Cr-6Ni-9M.n BALANCE Fe

0.0010

0.0005

:_ o

_ -0.0010

-0_015

-_0

u.

_ -a_30

G

z

-r

-OD040

.j -00045

-0.0050
-400 -500 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

ARMCO 21-6-9

I00



m _o c I_. w=...r D_II_, ]i_ ]IE_ • A DIVISION OF' NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 8-1"60

THERMAL EXPANSION MATERIAl 416 CRES
FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION AMS 5610

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: 1825° :!: ?-5° F / I/2 HR.= O.Q. I PLUS 525 ° .t: IO°F / 3 HR. I%; :59-45

0.0010

0.0005

=_ o

-- -0.0010

-300 -ZOO -I00

TEMPERATURE F ( 5 F/DIVISION)

0

416 CRES

I00



m
ll_OC E IET D¥ r_T E • A DIVI$1.ON OF NORTH AMERICAN AVIATION. INC.

iSSUED BY MATERiAlS

AND PROCESSES DEPT.

SOURCE RQCKIgTDYNE

APPROVED

REFERENCE

CHART NO. 8-2.60
MATERIAl, 4:50 FM CRES

THERMAL EXPANSION FORM BAR
PROPERTIES CONDITION ANNEALED

AT SPECIFICATION
CRYOGENICTEMPERATURES DATE AUGUST 1965

NOTES:

0.0005

o

Z
-O.OOLO

z_

_ -0.0015

,.j -0.0045

-0.0050
-4O0 -_WDO -200 -I00

TEMPERATURE F ( 5 F/DIVISION)
430 FM CRES

I00



I_.O C Ii_ _=" T ]I_I_ lqllt t_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCE_E8 DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R - 5462

CHART NO. 8.5.60

THERMAL EXPANSION MATERIAL 451 CRES
FORM BAR

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION MI L- S - 1873,2

CRYOGENIC TEMPERATURES DATE MARCH 196:>

NOTES:

0.0010

0.0005

=_ 0

z
_. -a0oto

_"-0.0015

_ -0.002O
o.

w
i-

-0.0025

-r
o

Z
-GO040

_1 -0.0045

-0.0050
-40O -300 -20O -I00

TEMPERATURE F ( 5 F/DIVISION)
451 CRES

ii
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k_f
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lifO C K I_'T _II_" ]_ E • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

i

NOTES:

CHART NO. 8-4-60

THERMAL EXPANSION MATERIAL 440 C CRES
FORM BAR

PROPERTIES CONDITION RC53- 58

AT SPECIFICATION 00- S - 763

CRYOGENIC TEMPERATURES DATE AUGUST 1965

0.0010

0.0005

-0.0005

-CLO010

-0.0015

_ -0._20

i1

_ -OIX)50

"1-
¢J
"I"

-0.0040

.j -0.0O45

-0.0050
-4O0 -300 -200 - I00

TEMPERATURE F ( 5 F/DIVISION)
440 C CRES

I00



]iiO C l=r ]1_ T ]l[]b _J_ 1'_ 1E • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE,ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 8-5-60

MATERIAL 17-4PH CRES

THERMAL EXPANSION FORM BAR

PRO PEF, T I ES CONDITION H 900

AT SPECIFICATION AMS 5645

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0.0010

0.0005

=_ o

i -00005

_. -_0010

_ -0.0015
:::)

Z -0.0055
Z
(J

-r

-0.0040
Z

. -0.0045

-0.0050
-400 - 300 - 200 - I00

TEMPERATURE F (5 F/DIVISION)

0

17- 4PH CRES

I00



m
_oc_='Ir'z_ I_ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 8.6.60

THERMAL EXPANSION MATERIAL 17-TPH CRES
FORM BAR

PROPERTIES CONDITION TH 1050/RH IQ50

AT SPECIFICATION SEE NOTES

CRYOGENIC TEMPERATURES DATE AUGUST 19(_

NOTES: AMS 5644- RBOI60-O05

0.0010

0.0005

=_ o

i -GO005

Z
-(_0010

_ -0_015

Z -Q0055

-GO050
-400 -:500 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

17-TPH CRES

I00



l_l. O C II_. II=" T ][) Ill" ]_lll If:=' • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-34(_2

CHART NO. 8-7-60

THERMAL EXPANSION MATERIAt AM 355 CRES
FORM BAR

PROPERTIES CONDITION SCT I000

AT SPECIFICATION AMS 5744

CRYOGENIC TEMPERATURES DATE MARCH 1962 ,

NOTES: 15,Cr-4Ni - 3Me

GO010

..j -O,0045

-0.0050
-40O -3O0 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

AM 355 CRES

I00



m
1Ill, O C I_" R=" T II_B'_ ---"qil_liE3 • A DIVI610N OI K" NORTH AM[NICAN AVIAT|ON. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED..

REFERENCE

CHART NO. 8" 8"60

THERMAL EXPANSION MATERIAL. NS 355 CRES
FORM BAR

PROPERTIES CONDITION HARD DRAWN

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AU(_U_T 19_

NOTES:

-300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

NS 355 CRES

I0(



L_ ]ml.OCmKn:"TD'_f"N w:F • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO, S" 9.60

THERMAL EXPANSION MATERIAL NO. 5 RELAY*
FORM BAR

PROPERTIES CONDITION

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:,* TRADE NAME - ALLEGHENY-LUDLUM STEEL CORP
2.5 Si - BALANCE Fe

-4OO -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

NO. 5 RELAY

I00



liO C IK E "It ]I_ I¢ 1_ll IE • A DIVISION OF NORTH AMERICAN AVIATION. INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE RQCKETDYNE

APPROVED

REFERENCE

THE RMAL EXPANSION

PROPERTIES
AT

CRYOGENIC
TEMPERATURES

CHART NO. 8.10.60

MATERIAl VANADIUM PERMENDUR

FORM BAR

CONDITION ANNEALED

SPEC I FICATION

DATE APRIL 1965

NOTES: 49Fe- 49 Co-2V

0.0010

0.0005

0

i -0.0005

Z

_ -0.0015
Z_

j -0.0045

-GO050
-400 -3o0 -200 -IO0 0 Ioo

TEMPERATURE F (5 F/DIVISION)
VANADIUM PERMI_NDUR



]11_, O C lid" E T ]13_ '_1_" l'q_ I1_ • A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE ,

APPROVED
REFERENCE

CHART NO. 9.1,60

THERMAL EXPANSION MATERIAL. A-286 CRES
FORM BAR

PROPERTIES CONDITION AGED

AT SPECIFICATION AMS 5736

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:.

(_0005

o

i -ODO05

Z
_. -aO010

_ -0_015

-0.0050
-5OO -200 - 100

TEMPERATURE F ( 5 F/DIVISION)

0

A-286 CRES

100



]I_OC]IKB¢'T]I_II_'IqI_IE_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 9.2.60

THERMAL EXPANSION MATERIAL INCONEL B
FORM WELD METAL

PROPERTIES CONDITION AS WELDED

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

_; -00045

-GO050
-400 -300 - 200 - I00

TEMPERATURE F ( 5 F/DIVISION)
INCONEL B

I00



m
ROCIVETDYl_IE • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 9" 3 •60

THERMAL EXPANSION MATERIAt INCONEL X- 750
FORM BAR

PROPERTIES CONDITION _EE NOTE_
AT SPECIFICATION AMS 5667

CRYOGENIC TEMPERATURES DATE AUGUST 1965 ,

NOTES: AGED AT 1300°F/IO HR, _LC.

O.O01O

00005

_= o

-G_IO

-01_015

_ -OJO040

-400 -3oo - 2o0 - ioo

TEMPERATURE F ( 5 F/DIVISION)

0

I NCONEL X- 7 50

I00



]Ji, O t{_ IWF 11_ -lr D_II¢- l_ll[ IE_ • A DIVISION OF NORTH AMERIC _i_N AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOU RCE LITERATURE

APPROVED
REFERENCE AD618-065

CRYOGENIC MAT'LS HANDBOOK(70)

THERMAL EXPANSION

PROPERTI ES

AT
CRYOGENIC TEM PERATURES

CHART NO. 9.4.60

MATER I At INCONEL 600

FORM

CONDITION ANNEALED

SPECIFICATION

DATE 11-18-66

NOTES: 16Cr - 7Fe-76Ni

_0010

¢_ (10005

=_ o

Z
-_0010

w

_ -ODOI5

_ -0.0_0
Q.

W
I-

-(_0025
0

i.

O -Q0030

-Q0035

U

-0D040
z

j -_0045

-0.0050
-400 - 500 - ZOO - 100

TEMPERATURE F (5 F/DIVISION)

0

INCONEL 600

I00



_OC I_ _ t ]l_lbt']_ _ • A DIVISION OF NORTH AMERICAN AVIATION, INC,

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE R-5462

CHART NO. 9.5.60

MATERIAL INCONEL 718

THERMAL EXPANSION FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION RBO170- 038

CRYOGENIC TEMPERATURES DATE dULY 1965

NOTES: BOTH" ANNEALED AND 15% C.R. HAVE THE SAME CURVE

0.0010

-OO045

-_0050
-400 -50O -200 - I00

TEMPERATURE F ( 5 F/DIVISION)

0

I NCONEL 718

!!!!!_

:;:;;:
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liiOCi ETDY_d E • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED

REFERENCE R - 3462

CHART NO. 9-6.60

THERMAL EXPANSION MATERIAl RENE' 41
FORM WROUGHT

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION AMS 5545

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

Z -0.0035

-4O0 -300 -2O0 -I00 0

TEMPERATURE F ( 5 F/DIVISION)
RENE' 41

I00



I_ O C If/.. '1:' T ]l:]l _lkP 1_ !1_' • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYN E

APPROVED
REFERENCE R- 5462

CHART NO., 9- 7.60

MATERIAL HASTELLOY B
THERMAL EXPANSION FORM WROUGHT

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION RBOITO-O02

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES: 28 Mo-2.5 Co-5 Fe-BALANCE Ni

0.0005

o

-0.0005

-0.0010

-0.0015

-0.0020

-0.0025

-0.0030

_ -0.0035

-40O -500 -200 - I00

TEMPERATURE F ( 5 F/DIVISION)

0

HASTELLOY B

I00



m
I_. O C 1K_ _=" T l) 11d" i_II l_ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 9.8' 60

THERMAL EXPANSION MATERIAL HASTELLOY C
FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION RBOI70- 046

CRYOGENIC TEMPERATURES DATE AUGUST 1965

i

NOTES: ANNEALED AT 2225°F/ I HR. 1 W.Q.
16Mo-15Cr -4W-5 Fe-2.5Co-BALANCE NI

0.0010

0.0005

=_ o

g

_ -0.1_10

_ -0.0015

_ -0.C_0

0 -G0025

14.

0 -GO030

-0.0035

Z

Z

-(10040

_j -OO045

-0.0050
-400 -300 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

HASTELLOY C

I00



• A DIVISION OF NORTH AMERIC,_N AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 9- 9.60

THERMAL EXPANSION MATERIAL HASTELLOY X
FORM BAR

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION AMS 5390
CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: 22Cr-19Fe-9Mo-2Co-BALANCE NI

0.0010

-40O -300 -20O -10O

TEMPERATURE F (5 F/DIVISl0N)

0

HASTELLOY X

IOO



m
]I_.O C a_" E T ][D_ 1'qll E • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

i

NOTES:

CHART NO. , 10.1.60

THERMAL EXPANSION MATERIAL , K- MONEL
FORM BAR

PROPERTIES CONDITION AGED

AT SPECIFICATION QQ-N - 286 A

CRYOGENIC TEMPERATURES DATE AUGUST 1965

0.0010

-400 -:500 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

K-MONEL

I00



m
iiOCK lET oyr_ IE • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED,
REFERENCE

THERMAL EXPANSION

PRO PERT IES
AT

CRYOGENIC
TEMPERATURES

CHART NO. 10-2-60

MATERIAl INVAR :56

FORM PLATE

CONDITION ANNEALED

SPECIFICATION RB0160-027

DATE AUGUST 1965

NOTES: pATA GIVEN 19 A PLOT OF SEVERAL CURVES TO ILLUSTRATE THE MAXIMUM AND
MINIMUM IN THE CONTRACTION OF INVAR 36. DATA PLOTTED BELOW -350F

WAS VARIABLE ON INDIVIDUAL TESTS.

0.0010

0

-0_040
Z

-400 -500 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

INVAR 36
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m
l_.O C l_ t_' T _JV" _ I_- • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED.,

REFERENCE

THERMAL EXPANSION

PROPERTIES

AT CRYOGENIC

TEMPERATURES

CHART NO. I0- 2A-60

MATERIAL INVAR _i
FORM BAR

CONDITION ANNEALED

SPECIFICATION MIL- $- 16598

DATE APRIL 1963

NOTES: FREE MACHINING GRADE

(_0010

0.0005

o

w

z
-0.0010

z_
1

_ -0.0015
:D

,.,-0.002O
O.

W

0 - (10025
W

M.

0 -(10030

G

z
0
.I-

-0.0040
z

j -_045

0

-(10050
-400 -300 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)
INVAR 36

I00



m
]i_1.O 4C_ ilK. R=" T ][) "qlkP ]qli ll=t • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE WADD TR 60-56 11'

CHART NO. 10.:3-60

THERMAL EXPANSION MATERIAL NICKEL 200
FORM WROUGHT

PROPERTIES CONDITION.

AT SPECIFICATION ,

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:. 99.5 Ni

(1O01O

_ -0.0035

-4OO -3O0 -2OO -I00

TEMPERATURE F (5 F/DIVISION)

ill

0

NICKEL 200

I00



l;_l. O C W_" E _r xJl,_b_ _ _ _ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOU RCE ROCKETDYN E

APPROVED
REFERENCE R-3462

CHART NO. 10.4.60

THERMAL EXPANSION MATERIAl. UDIMET A
FORM BAR

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE DECEMBER 1966

NOTES: 1500 F/1HR, A.C. i 1300 F_F_.HR,_A_C_.._--LO0 F/!6HR, A.W. i 900_ F/1HR, A.C.

2:3 N i - 1.7 Ti - .3AI - BALANCE Fe

0.0010

0.0005

=;

=_ o

i -0.0005

Z
-0.0010

z_

_ -0.0015

nr
UJ -0.0O20
r,
=E
Ld
I--

-0.0025
0
I--

14.

p,.O -0.0050

w"
(.9

-0.0055

U

-0_040
Z

j -I_045

-0.0050
-400 -500 -200 -I00

TEMPERATURE F (5 F/DIVISION)

0

UDIMET A

I00



RO CiI_ E T D't" Z'q_ E • A D|VfSION OF NOffTH AMEN/CAN AVIATION, |NC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED
REFERENCE R-3462

CHART NO. 11.4.60

THERMAL EXPANSION MATERIAL Mo - 0.5 Ti -0.08 ZR
FORM WROUGHT

PROPERTIES CONDITION ANNEALED

AT SPECIFICATION.. -

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

0.0010

0.0005

=_" o
lid

-0.0010

GO020

-G0025

u.

O -GO030

,_1 -O.OO45

-0.0050
-40O -5OO -20O -IOO

TEMPERATURE F (5 F/DIVISION)

O IOO

Mo-0.5 Ti - 0.08 ZR



l_.O C I1_. 'i¢1' t I1_ 11_" ]_ l=l' • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED
REFERENCE WADO TR 60-56 Tr

CHART NO. 11"5-60

THERMAL EXPANSION MATERIAL INDIUM
FORM WROUGHT

PROPERTI ES CONDITION ANNEALED

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0.006

e -0,012

14.

0 -0.014

_Z/__0.016

-0.018

-0.020

-4OO -300 -200 -I00 0

TEMPERATURE F (5 F/DIVISION)

I00

INDIUM



m
ll:a.O C lh-_ w=" "jr x3,"ql¢ l"qil IE_ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R-5462

CHART NO. 11.6.60

THERMAL EXPANSION MATERIAL TA - I0 W
FORM BAR

PROPERTIES CONDITION AS RECEIVED
AT SPECIFICATION AMS 7848

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

0.0010

0.0005

=;

_= o
u_

-0.0010

_ -0.0015

G.

W

I,- o0._25

tA.

_ -G(X)30

_ -0.0035

-0.0040
-G0045

-0.0050
-4OO -300 -ZOO -I00

TEMPERATURE F ( 5 F/DIVISION)

0

TA- lOW

I00



m
ROCW_ _TDI_N E • A DIVISION OF NORTH AM(RICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

, m

CHART NO. 11-l_-60

MATERIAL NI - Be2
THERMAL EXPANSION

FORM, SHEET

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE

NOTES:. BERYLCO NtC.KEL 440/I/2 HT= I/2 HARD PLUS AGE (2 HRS AT 940°F)
UTS = 245000 PSi

QO010

-Q0035

-4OO -300 -200 - I00

TEMPERATURE F ( 5 F/DIVISION)

0

Ni - Be2

I00



r_ ]i_.o c I_. _:r T ][)11{. _q_ 1:s. • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED,

REFERENCE

CHART NO. 12.1.60

THERMAL EXPANSION MATERIAl. CDJ-97 GRAPHITE
FORM

PROPERTI ES CONDITION.

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST _ 1965

NOTES:

0.0010

-4OO -300 -200 -I00 0

TEMPERATURE F (5 F/DIVISION)
CDJ-97 GRAPHITE

IO0



li.O ([_; 1l_" J_ T !1_11_ _lJ I_ • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

NOTES:

CHART NO. 12. 2.60

THERMAL EXPANSION MATERIAL P-O3XHT GRAPHITE
FORM

PROPERTI ES CONDITION

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

0.0010

! -0_040
-0D045

-GO050
-400 -_oo -zoo -Ioo o ioo

TEMPERATURE F (5 F/DIVISION)p_osxH T GRAPHITE



]B_lt O 9[_ 'B_r" ]E: T ][])'qJl_" ]'ql_ S • A DIVISION OF NORTH AMERICAN AVIATION, INC,

k

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

CHART NO. 12,3"60

MATERIALP-303-C GRAPHITE
THERMAL EXPANSION

FORM
PROPERTIES CONDITION

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

-0.0040
-0.0045

-0.0050
-4OO -300 -200 -I00

TEMPERATURE F (S F/DIVISION)

0

P-303- C GRAPHITE

I00



]1_0 _ IK IB T Olin" ]'_ ]B • A DIVISION OF" NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 54,62

CHART NO.. 12.4-60

MATERIAL #692 GRAPHITE
THERMAL EXPANSION

FORM

PROPERTIES CONDITION

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

0.0010

0.0005

o

"i -0.0005

-- -0.0010

_" -0.0015

_ -O, O0"ZO

-aooze
I,i.

O -0.0030

_" -Q0035

-0.0040
-0.0045

-0,0050
-4OO -3OO -200 -I00

TEMPERATURE F (5 F/DIVISION)

i • ii

0

# 692 GRAPHITE

I00



i_.OCKETD_"rq_IE_ • A "DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED,,
REFERENCE R- 3462

CHART NO. 12.5,60

THERMAL EXPANSION MATERIAL. SILVER GRAPHITE
FORM

PROPERTIES CONDITION AS RECEIVED

AT SPECIFICATION "-

CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

0.0010

0.0005

_.z o

-a_lO

'" -0.0015

t_ -0,0020

I.-

_O -0.0025

M.

0 -0.0030

_ -0.0035

_ -_040

-3OO -200 -I00

TEMPERATURE F (5 F/DIVISION)

|l

0

SILVER GRAPHtTE

I00



m
]_I.O C ]K IE_ "r ][_ qllf' 1'qml IB • A DIVISION OF NORTH AMERICAN AVIATION, INC.

iSSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

CHART NO. 12- 6" 60

MATERIAL KI62B (TizC Y- NI)
THERMAL EXPANSION

FORM
PROPERTIES CONDITION

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:

0.0005

:_ o

-0.0010

-4OO -300 -200 -I00 0

TEMPERATURE F ( 5 F/DIVISION)KI62 B (TixCv- Ni )

iO0



_O C I_L" ]E_ T ][]P'qJ_ ]_ I:e • A D|VI_|ON OF NORTH AMIrR|CAN AVIATION. |NC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED , ,
REFERENCE

NOTES:

CHART NO, 12.7 • 60
MATERIAL K801 (WxCv- N i )

THERMAL EXPANSION
FORM

PROPERTIES CONDITION

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE AUGUST 1965

0.0010

aooo. 

_z ,o

-0,_10

-0_0015

-0.0050
-4O0 - 3OO - ZOO - I00 0

TEMPERATURE F ( 5 FIDIVISION)KsOl (WxCy Ni)

ii

IO0



m I_.OCll[E'1"Dqlb_lqJhl]E_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKET, DYNE

APPROVED.

REFERENCE

CHART NO. ,12"8-60

MATERIAL K601 (W_C¥ -Th_ GO
THERMAL EXPANSION

FORM
PROPERTIES CONDITION

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGt_;T 1965

NOTES:

(1O01O

Z" 0.0035

j -(10O45

-(10050
-400 -300 -200 - I00 0 I00

TEMPERATURE F (5 F/DIVISION)K60t (W_Cv_Ti x_cv)

i



iiOCKETD¥_E • A DIVISION OF NORTH AMERICAN AVIATION. INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCK E'I'DYNE

APPROVED
REFERENCE

CHART NO 12.9,60

THERMAL EXPANSION MATERIAl. TUNGSTEN CARBIDE
FORM

PROPERTIES CONDITION

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES: LINDE. FLAME SPRAYED

O.OO10

0.0005

o

-- -0.0010

_" -ODOI5

w

t-- -0.0025

-0.0030

_ -0.00SS

_ -OD040

.j -0D048

-0.0050
-4OO -300 -200 -I00 0 I00

TEMPERATURE F (5 F/DIVISION)
TUNGSTEN CARB IDE



Hl.OCtlt_'w="lr'D_k."][ql_J_ • A DIVISION Off NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE LITERATURE

APPROVED,
REFERENCE, NATIONAl,- BUREAU OF
STANDARDS

CHART NO, 12. I0.60

THERMAL EXPANSION MATERIAL SILICA GLASS

PRO _ RT I ES FORM
CONDITION .

AT SPECIFICATION -

CRYOGENIC TEMPERATURES DATE AUGUST 1965

NOTES:.

0.0005

-00005

-0.0010

-ooo,5

_ -0.0020

I-

_0 -0.0025

14,.

0 -0.0030

-40O -3CX) -EO0 - I00

TEMPERATURE F ( 5 F/DIVISION)

o

SILICA GLASS

IO0



]1_ O Cub¢- _" "r ]11_ 'qlll_ ]_ E • A DIVISION OF NORTH AMERICAN AVIATION, INC

ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED ,.
REFERENCE COORS DATA SHEET

8-64

THERMAL EXPANSION

PRO PERT I ES

AT

CRYOGENIC TEMPERATURES

CHART NO.

MATER I AL

FOR M

12.11-60

COORS ALI_O _

CONDITION.

SPECIFICATION ALUMINUM AD94-AD99

DATE DECEMBER 1966

NOTES:

0.OO10

-0.OO:55

-0.0050
-40O -5O0 -200 -I00

TEMPERATURE F ( 5 F/DIVISION)

0

COORS AL205

IOO



_O C ]I_ l==" T ]_"_ ]'_ IE_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE_

APPROVED
REFERENCE . R-3462

3M CO.

CHART NO. 13.1,GO

THERMAL EXPANSION MATERIAL .. KEL-F GRADE 81
FORM

PROPERT I ES CONDITION

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES:

-400 -500 -200 -I00 0

TEMPERATURE F (5 F/DIVISION)

tO0

KEL-F GRADE 81



IIO C _. If=" T D'q]llcr lqq_ _l=_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

3M CO.

CHART NO, 13"2"60

THERMAL EXPANSION MATERIAl GLASS FILLED KEL-F
FORM

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE JULY 1965

NOTES: _15%, 20%= 25% GLASS FILLED

-0.012

J - 0.022

-0.024
-4O0 -300 -200 -I00 0 moo

TEMPERATURE F (SF/DIVISION)
GLASS FILLED KEL- F



flOCK ETI)YN E • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED,
REFERENCE .. -

3M CO.

CHART NO.. 13.3-60

THERMAL EXPANSION MATERIALKEL-F/BRONZE FILLED
FORM

PROPERTIES CONDITION. SEE NOTES

AT SPECIFICATION.
CRYOGENIC TEMPERATURES DATE JULY 1965

NOTES: 20%, 40% I 60% BRONZE FILLED

-0.012

-4O0 -3O0 -200 -I00 O

TEMPERATURE F (5 F/DIVISION)

I00

KEL-F/BRONZE FILLED



iI.O C K !=" T D'_" ][q_ !=_ • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYN E

APPROVED.
REFERENCE R- 3462

DUPONT/LNP

THERMAL EXPANSION

PROPERTI ES

AT

CRYOGEN IC TEMPERATURES

CHART NO. 13.5.60

MATERIAL TEFLON/ASBESTOS FILLED

FORM

CONDITION 25%/35% ASBESTOS

SPECIFICATION
DATE MARCH 1962

NOTES:

0.006

0.004

=_ o.oot

o

,7,-

I0'0 I 0

k-

-0.012

_ -0.016

0
-r -GOI8

Z -0.020
J

_ -0.022

-0.024
-4OO -300 -200 -I00 0 I00

TEMPERATURE F (5 F/DIVISION)
TEFLON/ASBESTOS FILLED



J_,.O C II_ I_' T _'qlbr ][qll 'm_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 3462

DUPONT/LNP

THERMAL EXPANSION

PROPERT I ES

AT

CRYOGEN tC TEMPERATURES

CHART NO. 13"6"60

MATERIAL TEFLON/GLASS FILLED

FORM
CONDITION SEE

SPECIFICATION

DATE

NOTES

NOTES: 25% GLASS, PARALLEL/PERPENDICULAR TO MOLD FORCES

_0_

0.004

o_z

o
-0.002

-acx 

I.¢1-0,010
I,-

-0.012

_ -0.014

_ -0.016

Z -0.018

_ -0.020

i -0.022

-0_24
-400 -300 -200 -I00 0 I00

TEMPERATURE F (5 F/DIVISION)
TEFLON/GLASS FILLED

m



m
lEO C It ET ]l)y 1_I E • A DIVISION O1 r NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

DUPONT

CHART NO 13.7.60

THERMAL EXPANSION MATERIAL TEFLON/GLASS FILLED
FORM

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE JULY 1965

NOTES: 35%= 45% GLASS; PERPENDICULAR TO MOLD FORCE

UJ -O.OI O
I-

-0.012

-4OO -300 -200

TEMPERATURE

-too 0 I00

(5 F/DIVISION)
TEFLON/GLASS FILLED
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ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED.
REFERENCE R- 3462

PERMACEL

CHART NO, 13-8.60

THERMAL EXPANSION MATERIAL,TEFLON/GLASS FILLED
FORM

PROPERTIES CONDITION SEE NOTES

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE MAR(_H 1962

NOTES: WITH/THROUGH FABRIC LAYERS

00006

0.004

0002

o
. -0,002

_ -0,004

_ -0.008

_-0.010
I,-

-0.012

-0.016
-0,018

Z -00020
-I

_ -0.022

.0.024
-4OO -300 -200 -I00 0 I00

TEMPERATORE F (5 F/DIVISION)
TEFLON/GLASS FILLED
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ISSUED BY MATERIALS

AND PROCESSES DEPT.

SOURCE ROCKETDYNE

APPROVED

REFERENCE

DUPONT/LNP

NOTES:

CHART NO,

THERMAL EXPANSION MATERIA[
FORM

PROPEl f_T tES CONDIT ION

AT SPECIFICATION

_,R_OGENIC TEMPERATURES DATE

13"9"60

TEFLON/BRONZE FILLED

60°/oBRONZE

JULY 1965

W

3E
I.iJ -0.010
I-

-0.012

h
0
I_. -0.014

-400 -300 -200 -I00 0

TEMPERATURE F (5 F/DIVISION)

I00

TEFLON/BRONZE
FILLED



mIOCmC'I=r"Jr'D_IkP]L'I_ _:I' • A DIVISION OF NORTH AMERICAN AVIATION, INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETOYN E

APPROVED,

REFERENCE
DUPONT/LNP

CHART NO. 13. I0.60

THERMAL EXPANSION MATERIAL TEFLON/GRAPHITE FILLED
FORM

PROPERTIES CONDITION 15% / 70% GRAPHITE

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE JULY 1965

NOTES:

0

-0.012

-400 -_00 -200 -I00 0 I00

TEMPERATURE F (5 F/DIVISIONI_EFLON/GRAPHITE FILLED



Jl.OCil'_:r1"i])'qJ_']_Jm_ • A DIVISION OF NORTH AMERICAN AVIATION. INC.

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE R- 3462

DUPONT

NOTES:

CHART NO. 13. I I. 60

THERMAL EXPANSION MATERIAL RE.P. TEFLON
FORM

PROPERTI ES CONDITION.

AT SPECIFICATION RBOISO- 007

CRYOGENIC TEMPERATURES DATE MARCH 1962

-4O0 -500 -200 -I00 0

TEMPERATURE F (5 F/DIVISION)

I00

F.E.P. TEFLON
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v

ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOU RCE .ROCKETDYNE

APPROVED
REFERENCE R-3462

DUPONTt/BELDING-CORTICELLI

CHART NO. 13- 12-60

THERMAL EXPANSION MATERIAL.. F,E.R/GLASS FILLED
FORM

PROPERTI ES CONDITION SEE NOTES

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE MARCH 1962

NOTES: 20% GLASS I PARALLEL/PERPENDICULAR TO MOLD FORCES

X
la -O.Ol o
i-

-O.Ol 2

-4OO -300 -200 -I00 0

TEMPERATURE F (5 F/DIVISION)

IOO

RE.R/GLASS FILLED
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ISSUED BY MATERIALS

AND PROCF.3SES DEPT,
SOURCE ROCKETDYNE

APPROVED

REFERENCE
ALLIED CHEMICAL

CHART NO. 13.14-60

TH ERMAL EXPANS ION MATERIAL HALON/TV_
FORM

PROPERTIES CONDITION 35% GLASS FILLED

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE dULY 1965

NOTES:

-0.016
-O.Ole

_ -0,020

-400 -300 -200 -I00 0 I00

TEMPERATURE F (5 F/DIVISION)
HAL.ON/TVS
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ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED
REFERENCE

ALLIED CHEMICAL

CHART NO. 13.15.60

THERMAL EXPANSION MATERIAL HA_.QN/TVS
FORM

PROPERTIES CONDITION 25% MoSil FILLED

AT SPECIFICATION
CRYOGENIC TEMPERATURES DATE ,JULY 1965

NOTES:

-40O -300 -2OO -I00 0 I00

TEMPERATURE F ( 5 FIDIVISION)HALON/TV s

i
m
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ISSUED BY MATERIALS

AND PROCESSES DEPT.
SOURCE ROCKETDYNE

APPROVED

REFERENCE
DUPONT

NOTES:

CHART NO. 1_-16.60

THERMAL EXPANSION MATERIAL VESPEL
FORM

PROPERT I ES CONOm ON

AT SPECIFICATION

CRYOGENIC TEMPERATURES DATE JULY 1965

X
I,d -0.010
I-

-0.012

-4OO -500 -200 -I00 O

TEMPERATURE F (5 F/DIVISION)

I00

VESPEL
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